The study aims to explore the beneficial use of fly ash and its effectiveness as low cost adsorbent for wastewater treatment of Pulp and paper industry. A comparative study was also carried out for the better colour reduction of industrial effluent using fly ash and commercial activated carbon. Batch mode adsorption experiments were carried out to optimize the different experimental conditions like adsorbent dose, contact time, rotation per minute (RPM) and pH. The treatment showed that the removal efficiency of colour increased to 86 % with the increase in adsorbent dose (0.5 -10 g), time (30-240 min), RPM (50 -150) and pH (4-12) of pulp and paper industry wastewater. The removal efficiency of activated carbon was found to be 100 % using 1 g adsorbent dose of commercial grade activated carbon. The Scan Electron Microscope (SEM) results of the fly ash showed that the particles looked like somewhat spherical large particles. It was concluded that though the activated carbon was very efficient adsorbent in comparison to fly ash, the better solution for disposal of solid waste such as fly ash can be good a substitute as the adsorbent for the colour reduction of the paper mill wastewater.
INTRODUCTION
Water of acceptable quality is essential for agricultural, industrial, domestic and commercial uses but water of high quality is essential for human life (Renge, 2012) . Pulp and paper (P and P) industry is one of the most polluting industries, as identified and categorized by Central Pollution control Board (CPCB), India. Controversially, the Pulp and paper industry as it stands now, is one of the largest major contributor of pollution load in our aquatic environment. The paper industry is the largest industry in India (Medhi et al., 2011; Shivnarayan, 2015) and it ranks 20th paper producing country among the world (Malaviya et al. 2007 ). During papermaking a huge quantity of water is being utilized but a large fraction of this water is finally generated as liquid waste. Pulping and bleaching processes of paper manufacturing generate huge amount of solid as well as liquid waste. Integrated and non integrated pulp and paper mills in India generate near about 60-125 m 3 and 10-50 m 3 of wastewater, respectively (Thapliyal and Tyagi, 2015) . The extent of pollution load and toxicity of paper mill effluents depend upon the nature of raw materials used, pulping methods and pulp bleaching processes. Wastewater generated in pulp and paper mills is classified on the basis of process followed and discharged wastewater is high in pH, colour, odour, suspended solids, organic content, biochemical oxygen demand (BOD), total suspended solids (TSS), chemical oxygen demand (COD), colour and chlorinated organic compounds, which include dioxins, furans, and other adsorbable organic halides (AOX) (Uğurlu et al. 2006) . Colour is easily recognized, since it is visible to human eye and is the basic problem of every pulp and paper industry. This is due to organic ligands such as wood extractives, synthetic dyes, tannins, lignin (Dilek 2001; Lacorte 2003) . High colour is due to lignin and its derivatives containing chromophoric groups, which imparts an offensive colour to the water (Pokhrel 2004 Utilization of coal is increasing day by day due to high boom in industrial growth and high energy demand which produces large quantity of waste named as fly ash. The nature of fly ash is completely dependent on its geological origin and combustion conditions. Currently more than 90 million tons of fly ash is being generated annually in India, with 65000 aceres of land being occupied by ash ponds (Varma et al. 2013) . In India, most of the utility thermal power and sub-bituminous coal with high ash content 30-50% resulting in the huge quantity of fly ash (Dimple and Mehta 2014 
MATERIALS AND METHODS Effluent collection:
The alkali extraction stage (E OP ) wastewater used for study was collected from a pulp and paper mill in Haryana. The mill produces 250 MT/day of writing printing paper by kraft process using bamboo, eucalyptus and hardwood as raw materials. Starting with a kappa number of 20, the mill produces pulp of 86 to 87% ISO brightness using CEDD bleaching sequence (where C is chlorination, E is alkaline extraction and D is chlorine dioxide). In present study, the alkali extraction stage wastewater is the major contributor for colour to bleach plant effluents. The effluent was characterized after collection for various physico-chemical parameters given in table 1 using standard method of IS and APHA viz. pH (IS 3025 P 11), COD (IS 3025 P 58), Colour (APHA 2120 c), TSS (IS 3025 P 17), TDS (IS 3025 P 16), AOX (ISO 9562) Metals (APHA311B) and stored at 4°C for further execution of different experiments.
Fly ash collection:
Fly ash waste product of coal thermal power plants was collected from pulp and paper mill in Haryana and analyzed for its properties that make it adsorptive material. The sample was characterized after collection for different parameters given in table 2 using standard method of IS and APHA viz. Moisture, ash, volatile organic carbon fixed carbon (IS1350 P-1) Calorific value (IS1350 P-2) and metals done by APHA 3111B by digesting the sample before analysis. As observed in The effect of dose, agitation rate, pH, temperature and shaking time was studied. The flasks were shaken mechanically for optimized /specific time and then filtered through Whatman number 1 filter paper to remove the suspended matter and check the residual colour. Percent removal: The percent colour removal (R%) was calculated by using following equation ….Eq. 1 Where, C 0 and C e was the initial and final concentration of colour in (Pt-Co).
RESULTS AND DISCUSSION
Colour reduction in alkali extraction stage (E OP ) effluent by using unwashed and washed fly ash Effect of dose of adsorbent: The effect of unwashed and washed fly ash as adsorbent forcolour removal studied at different adsorbent dose (0.5, 1.0, 2.0, 4.0, 5.0 and 10.0 gm per 100 ml) at constant operating conditions (OT: 60 min.; RPM: 100/min; pH: 8.9) showed that the rate of adsorption had increased with increase in adsorbent dose. The results indicated that the colour removal was increased from 18.2 to 83.5% by using unwashed flyash while using washed flyash, the colour removal was increased from 18.5 to 85.9 % at the same operating conditions (Table 3) . Slight improvement in colour reduction was observed in case of washed fly ash in comparison to unwashed fly ash. A lot of consumption of water and electricity was involved during the fly ash washing and drying with meager effect on colour reduction, so unwashed fly ash was used for further experiments as far as environmental concerns of water ). There will be no more reduction in COD, after the equilibrium point has reached. Infact at equilibrium, the rate of adsorption of pollutant onto the activated carbon is almost equal to the rate of desorption (Mohan et al., 2008) .
Effect of operating time (OT):
The treatment of EOP by fly ash at different operating time (OT) (30, 60, 120 and 240 min) at constant operating conditions (RPM: 100; Adsorbent dose: 10 gm; pH: 8.9) indicated an increase in removal efficiency from 80.91 to 83.21 % for colour and gradually decreased with an increase in the OT from 60 to 240 min from 27.37 % to 20.57%. On increasing the time above 60 min, no significant improvement in colour reduction was observed. So, 60 min operating time was chosen for the study (Table 5) . It has been explained that the uptake of adsorbate species was rapid in the initial stages of the contact period and became slow near the equilibrium. In between these two stages of the uptake, the rate of adsorption was found to be nearly constant. This result is expected because a large number of surface sites are available for adsorption at the initial stages and after a lapse of time, the remaining surface sites are difficult to occupy because of repulsion between the solute molecules of the solid and bulk phases (Khan et al., 2009 ). The effect of contact time carried out by using the adsorbent-adsorbate solution with fixed adsorbent dose and initial dye concentration for different time intervals and shaken until equilibrium. Generally the rate of removal of dye increases with an increase in contact time to a certain extended period. 2) with optimum operating conditions (RPM: 100; Adsorbent dose: 10 gm; OT: 60 min) indicated that the removal efficiency of colour increased from 75.82 to 84.19 % with the increase in initial pH 5 to 9 of the EOP while the removal efficiency was gradually decreased with an increase in the pH from 9 to 12 from 84.19 % to 76.39 %. Effluent pH was adjusted by using 0.5 N NaOH or 0.5 N HCl (Table 6 ). It was noted that at the alkaline pH more than 9 showed the optimum removal efficiency of paper mill effluents. This may be attributed due to increased rate of precipitation of metal ions and colour bearing compounds in alkaline conditions which increased the rate of adsorption as also reported by Varma et al. (2013) . It is reported that pH is increased from 3 to 9. It appears that silica and alumina, which are chief constituents of fly ash, form metal-hydroxide complexes in solution and the subsequent acidic or basic dissociation of these complexes at the solid-solution interface leads to either positive or negative surface charge (Khan et al., 2009 ). Effect of commercial activated carbon: Analysis was performed to draw the comparison of fly ash with commercial activated carbon for treating the paper mill effluent. As shown in Table7 at 1 g dose of activated carbon, 100% removal of colour from effluent has occurred whereas on using the same dose of fly ash % colour removal was just 42.64 % at constant operating conditions (OT: 60 min.; adsorbent dose: 1 g/100 ml; pH: 9). Although activated carbon is good for colour removal but it is very costly whereas fly ash is a waste product of industry or easily available at low price. So, industry refuses to use activated carbon for wastewater treatment and shift towards ecofriendly economically feasible adsorbent. Characterization of fly ash: Surface area, poros- Fig.1 . The sample of flyash was subjected to FTIR analysis and observed wave numbers (cm -1 ). The characteristics peak around 778 and 796cm -1 confirmed the presence of quartz (Hlavay et al.,1978; Coates, 1977) The elemental composition of flyash analyzed by using Energy dispersive spectroscopy (EDS) showed the percent by weight. The elemental composition of flyash was determined and confirmed by EDS. Elements such as carbon, oxygen sodium, magnesium, aluminium, silica phosphorus, sulphur, chloride, potassium, calcium and iron, carbon shown in Fig. 3 and Table 8 . 
Conclusion
The present study concluded that the colour removal efficiency of the Pulp and paper mill increased with increase in the fly ash as adsorbent dose (0.5 to 10 gm). The optimal operating conditions were unwashed and washed fly ash of 10 gm for the E OP effluent of paper mill at the constant operating conditions 100 RPM and operating time of 60 min and pH 9 yielded upto 84.19 % with unwashed fly ash which was found nearer to the pH of E OP effluent. However the removal of colour was observed 85.9 % with washed fly ash at the same operating conditions. The increase in the RPM (50-150) had no significant effect on the removal of colour. It can be said that 100 rpm provided the best balance between maximum colour removal and economical operation. It was established that the activated carbon completely removed the colour using 1 gm adsorbent dose at the constant operating conditions (100 RPM, OT 60 min. and pH 9) in comparison to fly ash as adsorbent. Mesoporous particles of flyash and elements like carbon play vital role in the process of adsorption. The interesting thing was that the improved solution for disposal of solid waste generated from paper mill such as fly ash may be a good substitute used as the adsorbent for the colour reduction of the paper mill wastewater. Adsorption by fly ash was an environment-friendly process that required short treatment timing, no addition of chemicals and simple operation to improve the quality of the treated wastewater discharge in terms of colour. 
